This supplement contains derivations for selected equations in the simplified model (Sect. 2.2). For notational simplicity, we do not explicitly denote time, space, or frequency dependences, unless it is necessary.
Hemodynamics model
Model equations describing the hemodynamic component of the simplified model are summarized below
where δ 1 and 1.
Derivation of Eq. (45)
Consider the blood flow perturbation
Substituting (A1) and (A8) into (A2), one obtains
Integrating (A9) between 0 and z, and using (A3) yields 
which together with (A4) imply
Substituting (A11) into (A10) yields
Combining (A4) with (A13), and using (A12), one obtains
Substituting (A15) into (A14) yields
Next, substituting (A8) and (A16) into (A7) results in
Expanding (A17) around δ = 0, = 0, and q = 0 yields
Substituting (A19)-(A21) into (A18), one obtains
Then, substituting (A6) into (A5) yields
Substituting (A8) and (A16) into (A23) and rearranging terms, one obtains
Substituting (A22) into (A24), after some rearrangement of the O(·) terms, one obtains
where all quadratic terms have been grouped in the O(·)'s, and cubic or higher order terms have been dropped.
Expanding the product in (A25) and further dropping cubic of higher order terms, one obtains
Finally, substituting (A27), (A28), and (A29) into (A26) yields
where, without loss of generality, higher order terms have been dropped.
Derivation of Eq. (46)
Consider the pressure perturbation
Substituting (A13) into (A32) yields
Derivation of Eq. (47) Consider the SNGFR perturbation
Substituting (A22) into (A35), and dropping cubic or higher order terms, one obtains
Substituting (A31) and (A37) into (A36) and dropping cubic or higher order terms, one arrives at
Vascular resistance model
Model equations that describe the vascular resistance profile are summarized below
Integrating (A39)-(A45) between 0 and L AA and applying the boundary conditions (A46)-(A47) yields
Substitute (A52) and (A54) into (A51) and (A53), respectively, yields
Applying the Fourier transform F in (A55)-(A59), one obtains
where i = √ −1.
Define the frequency responses
h m = k m 2πif + k m (A65) h s = k s −(2πf ) 2 + 2πif η s + k s (A66) h MR = k MR 2πif + k MR (A67) h TGF = k TGF 2πif + k TGF (A68)
Substituting (A65)-(A68) into (A60)-(A64) yields
Then, substituting (A70)-(A73) into (A69), one obtains
The Fourier transform of the macula densa [Cl − ] perturbation c is given by
Substituting (A75) into (A74) yields
Integrating (A34) between 0 and L AA yields
Applying the Fourier transform F in (A79), one obtains
Next, consider the relation
Substituting (A81) into (A80) results in
Applying the Fourier transform F in (A38) yields
Substituting (A82) and (A83) into (A76), one obtains
This expression will be used in the derivation of the transfer function below.
Derivation of transfer function Eq. (64)
The equations describing the model transfer function are summarized below
Applying the Fourier transform F to (A86) and (A87) yields
Next, substituting (A89) and (A91) into (A88) yields
Further, substituting (A85) into (A92) yields
Substituting (A94) and (A95) into (A93), obtains the transform function
3 Sensitivities of the Autoregulatory Mechanisms
Derivation of Eq. (70) Considering (A94) at f = 0 (i.e. the DC component), the equation simplifies to
Substituting (A97) into (A98) yields
Derivation of Eq. (71) Assuming steady state, (A48)-(A54) take the following form
Considering the DC component of (A75) yields
Substituting δ = 0 into (A110), one obtains
Then, substituting (A111) into (A109) yields 
Next, substituting δ = 0 into (A38) yields
which implies 
Finally, substituting (A99) into (A119) yields
where quadratic terms have been dropped.
